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Description 

BACKGROUND OF THE INVENTION 
5 [Field of the Invention] ' ^ , 

The present invention relates to a novel, useful polymerization catalyst and a process for producing a polymer 
using the polymerization catalyst. More particularly, the present invention relates to a polymerization catalyst especially 
useful as an olefin polymerization catalyst, and a process for producing an olefin based polymer, using the polvmeri- 
io zation catalyst. 

[Related Art] 

Heretofore, as highly active homogeneous olefin polymerization catalysts, those catalysts composed of a transition 
--metaUompound and aluminoxane are known (Japanese Patent Application Unexamined Publications Nos Sho 
58-19309 and 60-217209). _ o. omv 

Further, it has been proposedthar as active species of the homogeneous olefin polymerization catalysts cation 
species are useful [J. Am. Chem. Soc. 81, 81 (1959) : , J. AmrCrfem; Soc.-82,J?53 (1960), J. Am. Chem. Soc. 107, 
721 9 (1 985)]. The use of the active species in olefin polymerization after isolation, Is described in r for.example J Am 
Chem. Soc. 108, 7410 (1986), Japanese Patent Application PCT publication No. Hei 01-502636, Japanese" Patent- 
Application Unexamined Publication No. Hei 03-1 39504, and European Patenl Publication No. 468651 . The use of the 
active species with an organoaluminum compound is described in, for example, Japanese Patent Application Unex- 
amined Publication No. Hei 03-207704 and International Patent Publication No. 92-1723. Further, an olefin polymeri- 
zation catalyst composed of a transition metal compound having a ligand containing a group, -SO3R and an organoa- 
luminum oxy compound is described in, for example, European Patent Publication No. 519746. 

Thewalt and Lasser report in Journal of Organornetallic Chemistry vol. 363 (1989) page C12-C14 on a [C^Zr 
(CF 3 S03)(bipy)]+CF 3 S03- complex where one of the CF3SO3- anions is coordinated with the Zr central atom and the 
other is not. This coordination of the CF3SO3 anion becomes possible because of the distorted metallocene structure 
which is due to 2,2'-dipyridine ligand (bipy). 

Siedle et al. report in Organometallics, vol. 9 (1 990), pages 1 290-1 295, on complexes of zirconium, in fluorocarbon 
acid derivatives of [Cp 2 Zr]2+ with a ^Zr chemical shift in CH 2 CI 2 typically being -300 ppm, i.e. that complexes of this 
kind show strong cationic properties. 

However, the catalyst system composed of a combination of a transition metal compound and aluminoxane have 
some disadvantages. For example, trimethylaluminum which is a synthesis material for aluminoxane is flammable and 
explosive, and thus its handling is dangerous. Also, trimethylaluminum is expensive. Further, a large amount, against 
a transition metal compound, of aluminoxane should be used. Therefore, the catalyst systems are not effective in 
industrial productivity. 

Further, in any examples of polymerization disclosed in the above publications or literature, monocation species 
are used as an active species. Thus, these catalysts are not always satisfactory in view of the catalytic activities for 
olefin polymerization and the molecular weight of the resultant polymer. 

The present invention was made in view of the above problems, and has its object of providing a highly active 
polymerization catalyst which can give rise to resultant homo- or copolymers having high molecular weight and narrow 
comonomer distribution, and make it possible to control the molecular weight distribution within narrow range, and a 
process for producing a polymer using the polymerization catalyst. 

SUMMARY OF THE INVENTION 

To achieve the above objects, the present invention provides a polymerization catalyst comprising a polycation 
complex (A) represented by the following Formula (I): 

[( CUHC )nMX m ] i+ -(m")i (I) 

wherein M is a metal of Groups 3 to 10 or the Lanthamide Series of the Periodic Table; CUHC is a cyclic unsaturated 
hydrocarbon group; CUHC may be the same as or different from each other; two or more of CUHC may form a bridge 
structure; X 1S a o-bond ligand, chelate ligand or Lewis base; X may be the sarre as or different from each other; CUHC 
and X may form a bridge; j is an integer of from 2 to 4; n is an integer of from 0 to 2, m is an integer of from 0 to 6" n 
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+ m is a number, [(the valency of M) - jj; and at least one of [Yf is a noncoordinating anion wherein a plurality of groups 
are attached to an element selected from Groups 1 3 to 1 5 of the Periodic Table, and the Lewis base may be coordinated; 
further comprising an organoaluminum compound (B). 

Further, the present invention provides a polymerization catalyst, wherein the Polycation Complex (A) is composed 
5 of the reaction product of the following Compound (a) and Compound (b), and the Compound (b): 

(a) a transition metal compound; and 

(b) an ionic compound capable of forming an ionic complex when reacted with the transition metal compound (a). 

10 Further, the present invention provides a process for producing a polymer, which comprises subjecting an olefin 

to homopolymerization or subjecting an olefin and the other olefins or the other monomers to copolymerization in the 
presence of the above-mentioned polymerization catalyst. 

The polymerization catalysts according to the present invention may comprise the polycation complex (A) and the 
organoaluminum compound (B) and may comprise, as catalyst components, the polycation complex (A), the organoa- 

'5 luminum compound (B) and the Lewis acid (C). 

Further, as mentioned above, the polymerization catalyst may be those wherein any one of the Catalyst Compo- 
nents (A), (B) and (C) is supported on the carrier [Catalyst Component (D)]. The use of such supported catalysts will 
result in improvement of the bulk density and particle size distribution of the resultant polymers. 

In addition, the polymerization catalysts according to the present invention are particularly useful in polymerization 

20 of olefins. However, the catalysts can be used in polymerization of the other unsaturated compounds including chain 
diolefins such as butadiene, isoprene and 1 ,5-hexadi-ene, cyclic olefins such as norbornene and 1 ,4,,5,8-dimethano- 
1 ,2,3,4,4a, S.S.Ba-octahydronaphthalene, cyclic diolefins such as norbornadiene and ethylidene norbornene, unsatu- 
rated esters such as ethylacrylate and methylmethacrylate, and lactones such as beta-propiolactone, beta-butylolac- 
tone and gamma-butylo lactone. 

25 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 
The present invention will be described in more detail below. 
30 1 . Polycation Complex Catalyst Component (A): 

Catalyst Components (A) are represented by the following Formula (I): 

35 [(CUHC) n MX m ] i+ .([Y]') j (I) 

wherein M is a metal of Groups 3 to 10 or the Lanthamide Series of the Periodic Table; CUHC is a cyclic unsaturated 
hydrocarbon group; CUHC may be the same as or diff erent from each other; two or more of CUHC may form a bridge 
structure; X is a o-bond ligand, chelate ligand or Lewis base; X may be the same as or different from each other; CUHC 

40 and X may form a bridge; j is an integer of from 2 to 4; n is an integer of from 0 to 2, m is an integer of from 0 to 6; n 
+ m is a number, [(the valency of M) - j]; [Y]" is a noncoordinating anion, [Y 1 ]- and [Y 2 ]-; [Y 1 ]- is an anion wherein a 
plurality of groups are attached to an element, i.e., [M^Z^ .Z 0 ]' (M 1 is an element belonging to Groups 5 to 15, 
preferably Groups 1 3 to 15 of the Periodic Table; Z 1 to Z n are a hydrogen atom, a diaikylamino group, C^^ oxygen- 
containing group, C-,.20 hydrocarbon group, organometalloid group, halogen atom or halogenated hydrocarbon; two 

45 or more groups may form a ring; and n is an integer, {(the valency of center metal, M 1 ) + 1 ]) and means that at least 
one of them is a noncoordinating anion wherein a plurality of groups are attached to an element belonging to Groups 
13 to 15 of the Periodic Table; and [Y 2 ]' is a conjugated base of a Bronsted acid having a pKa value of below -10, a 
conjugated base of Bronsted acid and Lewis base, or a conjugated base of acids as generally defined as super strong 
acid; and Lewis base may be coordinated. 

50 In the present invention, examples of M are titanium, zirconium, hafnium, vanadium, scandium, yttrium, niobium, 

chromium, molybdenium, manganese, technetium, iron, ruthenium, cobalt, rhodium, nickel and palladium. Examples 
of CUHC are a cyclopentadienyl group, methytcyclopentadienyl group, ethylcydopentadienyl group, isopropylcyclopen- 
tadienyl group, 1,2-methylcyclopentadienyl group, 1, 3-dimethylcyclopentadienyl group, 1,2,3-trimethylcyclopentadi- 
. enyl group, 1 ,2,4-trimethylcyclopentadienyl group, pentamethylcyclopentadienyl group, and trimethyBsilylcyclopenta- 

55 dienyl group. Examples of cross-linked CUHC are an ethylenebisindenyl group, ethylenebis(tetrahydroindenyl) group, 
isopropylidene(cyclopentadienyl-9-fluorenyl) group, cyclohexylidene(cyclopentadienyl-9-fluorenyl) group, dimethylsi- 
lylene(tetrahydroindenyl) group, dimethylsilylenebis(indenyl) group, and racemi-dimethylsilylenetois(3-methylcy- 
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- ^gffiS » T mi 1 i T t ^' Si ffi nebiS(1 ^- 4 - trim g thylc y cl0 P entadi3n y | ) 9 rou P- Exampl es of X are a hydro- 

group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, n^ctyl group, n-eicosyl group phenyl 
group, tolyl group and benzyl group; C, . 20 oxygen-containing groups such as a methoxy group, ethoxy group n^ropoxv 
group, IS opropoxy group, n-butoxy group, isobutoxy group, n-octyloxy group, phenoxy group, benzyloxy group and 
acetoxy group; silicon-containing groups such as a trimethylsilyl group and trimethylsilylmethyl group- and chelate 
ligand such as a acetylacetonate group. 

In the anion, [Y 1 ]- wherein a plurality of groups are attached to an element, i.e., [WZ^-Z"Y includes B Al 
,,. ?' * f 8 Sb ' preferably 8 and Al; and Z1 to z " include dialkylamino groups such as a dimethylamino group and 
diethylammo group, C^ oxygen-containing groups such as a methoxy group, ethoxy group, n-butoxy group phenoxv 
group and 2,6-di-tert.-butyl-4-methylphenoxy group, C,^ hydrocarbon groups such as a methyl group ethyl group 
n-propyl group, isopropyl group, n-butyl group, isobuityl group, n-octyl group,, n-eicosyl group, phenyl group p-tolyi 
group, benzyl group, 4-t-butylphenyl group and 3,5-dimethylphenyl group, halogen atoms such as fluorine chlorine 
bromine and iodine. C 140 halogenated hydrocarbon groups such as a p-fluorophenyl group, 3,5-difluorophenyl group' 
I 5 _ _ pentachlqrop_h_enyl _grpup_, ^AS-irifluorophenyLgroup^ pentafluprophenyi goup^nd_3,5<ii(tirf!uojomethyl)phenyi 
group, and organometalloid groups such as a pentamethylantimony group, trimethylsilyl group, t'rimetlwlgermyl group" " 
diphenylarsine group, dicyclohexylantimony group and diphenylboron group. 

Examples of noncoordinating anion, [Y2]-, i.e., a conjugated base of a Brcnsted acid having a pKa value of below 
-1 0, a conjugated base of a Bronsted acid and Lewis base, or a conjugated base of acids as generally defined as super 
strong acid, are trifluoromethanesulfonic acid anion (CF 3 S0 3 )- (hereinafter may be referred to as [OTf]-) bisftrifluor- 
omethanesulfonyl)methyl anion, bis(trifluoromethanesulfonyl)benzyl anion, bis(trifluoromethanesulfonyl)amide per- 
chloric acid anion (CI0 4 )-, trifluoroacetic acid anion (CF 3 C0 2 )-, hexafluoroantimony anion (SbF 6 )-, fluorosulfonic acid' 
anion (FS0 3 )-, chlorosulfonic acid anion (CIS0 3 )-, fluorosulfonic acid anion/5-fluorinated antimony (FSO a -SbFc)- fluor- 
osulfonic acid anion/5-fluorinated arsenic (FS0 3 -AsF 5 )-, and trifluoromethanesulfonic acid anion/5-fluorinated I antimo- 
ny (CF 3 -S03/SbF s )-. Of these, trifluoromethanesulfonac acid anion (triflate) [OTf]- is preferred. 

Preferably, Catalyst Component (A) may comprise the reaction product of Transition Metal Compound (a) and 
Ionic Compound (b) capable of forming an ionic complex when reacted with Transition Metal Compound (a) and the 
above-mentioned Compound (b). In the present invention, Transition Metal Compounds (a) include, for example those 
compounds represented by the following Formula (II): ' 
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( CUH C) n MX m+i („) 

wherein M, CUHC, X, n ( m and j are as defined in the above-mentioned Formula (I). 

Examples of Transition Metal Compounds (a) include those having zirconium as indicated below and those com- 
pounds having titanium or hafnium instead of zirconium. Examples include tha following compounds: 

(Pentamethylcyclopentadienyl)zirconium trimethyl, 
(Pentamethylcyclopentadienyl)zirconium triphenyl, 
(Pentamethylcyclopentadienyl)zirconium tribenzyS, 
(Pentamethylcyclopentadienyl)zirconium trichloride, 
(Pentamethylcyclopentadienyl)zirconium trimethoxide, 
(Cyclopentadienyl)zirconium trimethyl, 
(Cyclopentadienyl)zirconium triphenyl, 
(Cyclopentadienyl)zirconium tribenzyl, 
(Cyclopentadienyl)zirconium trichloride, 
(Cyclopentadienyl)zirconium trimethoxide, 
(Cyclopentadienyl)zirconiumdimethylmethoxide, 
(Methylcyclopentadienyl)zirconium trimethyl, 
(Methylcyclopentadienyl)zirconium tripehnyl, 
(Methylcyclopentadienyl)zirconium tribenzyl, 
(Methylcyclopentadienyl)zirconium trichloride, 
(Methylcyclopentadienyl)zirconium trimethoxide, 
(Methylcyclopentadienyl)zirconium dimethylmethoxide, 
(Dimethylcyclopentadienyl)zirconium trichloride, 
(Trimethylcyclopentadienyl)zirconium trichloride, 
(Trimethylsilylcyclopentadienyl)zirconium trichloride, 
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(Tetramethylcyclopentadienyl)zirconiunri trichloride, 
Indenylzirconium trichloride, 
Fluorenylzirconium trichloride, 
Bis(cyctopentadienyl)zirconium dimethyl, 
Bis(cyclopentadienyl)zirconium diphenyl, 
Bis(cyclopentadienyl)zirconium dibenzyi, 
Bis(cyclopentadienyl)zirconium dichloride, 
Bis{cyclopentadienyl)zirconium dimethoxide, 
Bis(cyclopentadienyl)zirconium diethyl, 
Bis(cyclopentadienyl)zirconium methoxychloride, 
Bis(cyclopentadienyl)zirconium dihydride, 
Bis(cyclopentadienyl)zirconium dichlorohydride, 
Bis(methylcyclopentadienyl)zirconium dimethyl, 
Bis(methylcyclopentadienyl)zircon ium diphenyl, 
Bis(methycyclopentadienyl)zirconium dibenzyi, 
Bis(methylcyclopentadienyl)zirconium dichloride, 
Bis(pentamethylcyclopentadienyl)zirconium dimethyl, 
Bis(pentamethylcyclopentadienyl)zirconium dichloride, 
Bis(pentamethylcyclopentadienyl)zirconium dibenzyi, 
Bis(pentamethylcyclopentadienyl)zirconium methylchloride, 
Bis(pentamethylcyclopentadienyl)zirconium methylhydride, 
Ethylenebis(indenyl)zirconium dimethyl, 
Ethylenebis(indenyl)zirconium dichloride, 
Ethylenebis(tetrahydroindenyl)zirconium dimethyli, 
Ethylenebis(tetrahydroindenyl)zirconium dichloride, 
Dimethylsilylenebis(cyclopentadienyl)zirconium dimethyl, 
Dimethylsilylenebis(cyclopentadienyi)zirconiumdiichloride ( 
!sopropylidene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Phenytmethylmethylene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Diphenylmethylene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Ethylene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Cyclohyxylidene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Cyclopentylidene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Cyclobutylidene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Dimethylsilylene(cyclopentadienyl)(9-fluorenyl)zirconium dimethyl, 
Dimethylsilylenebis(2 l 3,5-trimethylcyclopentadienyl)zirconium dichloride, 
Dimethylsilylenebis(2,3,5-trimethylcyclopentadieniyl)zirconium dimethyl, 
Dimethylsilylenebis(indenyl)zirconium dichloride, 

Zirconium tetramethyi, Zirconium tetrabenzyl, Zirconium tetramethoxide, Zirconium tetraethoxide, Zirconium 
tetrabutoxide, Zirconium tetrachloride, Zirconium tetrabromide, Zirconium butoxytrichloride, Zirconium dibutoxy- 
dichloride, 

Bis(2,5-di-t-butylphenoxy)zirconium dimethyl, 
Bis(2 ( 5-di-t-butyIphenoxy)zirconium dichloride and 
Zirconium bis(acety!acetonate)dichloride. 

In addition, Compounds (a) may include the compounds represented by the following Formula (II"): 



Z 



/ / (II') 

CUHC M 



\ 

X n' 



wherein CUHC, M and X are as defined in the above-mentioned Formula (I); Zis SiR 1 2 , CR 1 2 , SiR^SiRV CR^CRV 
CR^CR^CRV CR^CR 1 , CR 1 2 SiR 1 2 orGeR 1 2 ; Y is -N(R 2 )-, -O-, -S-or-P(R2)- (Ri is a hydrogen atom, group having 
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ma V ,orm - Wl,n one or more of R 1 , a condensed ring system); and n' is an integer of 1 or 2 
Examples of these compounds include dimethylsilylene(t-butylamido)(t B tramethyl^yclopentadi,enyl) 2 irconium- 
dichlonde and dimethylsilylene(methylamido)(tetrame1hyl-cyclopentadienyl)zirconium dichloride 
, a ** K)n ' exam P |es of Transition Metal Compound (a) include those compounds having a metal belonging to 
the III to X Groups of the Periodic Table, such as vanadium, or a metal belonging to the Lanthanoids Series 

The compounds (b) capable of forming an ionic complex when reacted with Transition Metal Compound (a) are 
not particularly limited to, but include those compounds represented by the fdlowing Formula (III) or (IV)- 



p"'"q (III) 



_([L 2 ] k+ ) p ([Y]- )(l (|V) 



wherein L 2 is M2, R2R3M3, Ff 3 C or R S M 3 . 

In Formula (III) or (IV), [Y]- is as already defined in the above-mentioned Formula (I); U is a Lewis base- Ri is a 
hydrogen atom ora C,.^ hydrocarbon group; R2 a nd R 3 are independently a cyslopentadienyl group (Cp) orsubstituted 
cyclopentadienyl group (Cp may be the same as or different from each other, and two or more of Cp may form a bridge 
structure.); R is a C 140 hydrocarbon group or a C1-20 oxygen-containing group; k is an ion value number of fL'-R^l 
and [LZ], and is an integer of 1 to 3; p is an integer of at least 1; and q is specified by the formula- q=(p x kV M 3 has 
derfvauVes 1 °' ^ ^ ^ X " Gr ° UPS °' ^ ™ 0 ' po,phyrins ' Phthalocyanines or aryl group 

Examples of the Lewis bases (U) are amines such as ammonium, methylamine, aniline, dimethylamine diethyl- 
amine. N-methylan.line, diphenylamine, N.N-dimethylaniline, trimethylamine, Iriethylamine, tri-n-butylamine methyld- 
iphenylamine, pyridine. p-bromo-N,N-dimethylaniline, p-nitro-N,N-dimethylaniineand bis(trisphenylphosphorus)-u-ni- 
tr.de, phosph.nes such as triethylphosphine, triphenylphosphine and diphenylp-,osphine; ethers such as dimethyl ether 
diethyl ether, dioxane and tetrahydrofuran; thioethers such as tetrahydrothiophene; esters such as ethylbenzoate'- 
nitnles such as acetonitrile and benzonitrile; chain unsaturated hydrocarbons such as ehtylene, butadiene 1 -pentene 
isoprene and their derivatives; and cyclic unsaturated hydrocarbons such as benzene, toluene, xylene, cyclooctadiene 
and cyclooctatetraene. 

Examples of Ri are a hydrogen atom, methyl group, ethyl group, benzyl group and trityl group 
Examples of R2 and R3 are a cyclopentadienyl group, methylcyclopentadienyl group, ethylcyclopentadienyl group 
and pentamethylcyclopentadienyl group. 

Examples of R 4 are a phenyl group, p-tolyl group and p-methoxypenyl group. 
Examples of R s are tetraphenylporphyrin, phthalocyanines, aryl and methacryl 
Examples of M 2 are Li, Na, K, Ag, Cu, Br, I and l 3 .. 
Examples of M 3 are Mn, Fe, Co, Ni and Zn. 

Examples of Ionic Compound (b) capable of forming an ionic complex when reacted with Transitiion Metal Com- 
pound (a) include the following compounds: 

Triethylammonium tetraphenylborate, Tri(n-butyl)ammonium tetraphenylborale, Trimethylammonium tetraphenylbo- 
rate, Tetraethylammonium tetraphenylborate, Methyltri(n-butyl)ammonium tetraphenylborate, Benzyltri(n-butyl)ammo- 
nium tetraphenylborate, Dimethyldiphenylammonium tetraphenylborate, Triphenyl(methyl)ammonium tetraphenylbo- 
?. i T " rneth y |anil,nium tetraphenylborate, Methylpyridinium tetraphenylborae, Benzylpyridinium tetraphenylborate 
Methyl(2-cyanopyr.dinium) tetraphenylborate, Triethylammonium tetrakis(pentafluorophenyl)borate Tri(n-butyl)am- 
monium tetrakis(pentafluorophenyl)borate, Triphenylammonium tetrakis(pentafluorophenyl)borate Tetra-n-butylam- 
monium tetrakis(pentafluorophenyl)borate, Tetraethylammonium tetrakis(pentafluorophenyl)borate, Benzyl(tri-n-butyl) 
ammonium tetrakis(pentafluorophenyl)borate, Methylediphenylammonium tetrakis(pentafluorophenyl)borate Triphe- 
nyl(methyl)ammon.um tetrakis(pentafluorophenyl)borate, Methylanilinium tetrakis(pentafluorophenyl)lborate Dimeth- 
ylanilmium tetrakis(pentafluorophenyl)borate, Trimethylanilinium tetrakis(pentafluorophenyl)borate Methylpyridinium 
tetrakisfpentafluorophenyljborate, Benzylpyridinium tetrakis(pentafluorophenyl)borate, Methyl(2-cyanopyridinium) tet- 
rak.s(pentafluorophenyl)borate, Benzyl(2K;yanopyridinium) tetrakis(pentafluorophenyl)borate, Methyl(4-cyanopyridin- 
lum) tetrakis(pentafluorophenyl)borate, Triphenylphosphonium tetrakis(pent £ fluorophenyl)borate, Dimethylanilinium 
tetrakis[bis(3.5-ditnfluoromethyl)phenyl]borate, Ferrocenium tetraphenylborate, Silver tetraphenylborate Trityl tetra- 
phenylborate, Tetraphenylporphyrin manganese tetraphenylborate, Ferrocenium tetrakis(pentafluorophenyl)borate 
1 , 1 '-Dimethylferrocenium tetrakis(pentafluorophenyl)borate, Decamethylferrocenium tetrakis(pentaflluorophenyl)bo- 
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rate, Silver tetrakis(penlafluorophenyl)borate, Trityl tetrakis(pentafluorophenyl)borate, Lithium tetrakis(pentafluoroph- 
enyl)borate, Sodium tetrakis(pentafluorophenyl)borate, Tetraphenylporphyrin manganese tetra(pentaflluorophenyl)bo- 
rate, Tetrafluoroboric acid, Tetrafluorositver borate, Hexafluorophosphoric acid, Hexafluorophophoric acid silver, Hex- 
afluoroarsenic acid, Hexafluoroarsenical silver, Perchloric acid, Silver perchlcrate, Trifluoroacetic acid, Silver trifluor- 
oacetate, Trifluoromethanesulfonic acid, Silver trifluoiromethanesulphonate, Silver-bisltrifluoromethylsulfonyOmethyl, 
Silver-bis(trifluoromethylsulfonyl)benzyl,Silver-bis(trifluoromethylsulfonyl)amide, Bis(trifluoromethylsullfonyl)methane, 
Bis(trifluoromethylsulfonyl)phenylmethane, and Bis(trifluoromethylsulfonyl)amine. 

In addition, Polycation Complex (A) represented by the general Formula (I) are synthesized as follows. For exam- 
ple, in the case of dication, a dication complex corresponding to Formula (I) m3y be obtained by using, as Component 
(b), 2 equivalents of ([U-R^+ytY 2 ]^ (Formula (III)) or ([L 2 l k+ ) P ([Y 2 ]-) q (Formula (IV)) together with Transition Metal 
Compound (a). _r 

The resultant dication complex, [CUHC) n MX m p + -([Y2]-) 2 may be reacted with 1 equivalent of ([L~*-R 1 ] k+ ) p ([Y 1 )-) 
(Formula(lll))or([L 2 ] k+ ) p ([Y 1 ]-) q (Formula (IV)), to obtain a dication complex, [CUHC) n MX m ] 2+ -([Y 2 )-)(IY 1 r). or if reacted 
with 2 equivalents of the same, to obtain a dication complex, [CUHC) n MX fn ] 2 - f -([Y 1 n 2 . 

Further, Transition Metal Compound (a) may be reacted with, as Compound (b), 1 equivalent of ([Ll-R^k+JpflY 2 ]-) 
(Formula (III)) or ([L 2 ]k+) p ([Y 2 ]-) q (Formula (IV)), to synthesize [CUHC) n MX m+1 |+.([Y 2 ] ), and then reacted with 1 equiv? 
alent of ([L 1 -R 1 ]k + ) p ([Yi]-) q (Formula (III)) or ([L*]**) p ([Yi]-) (Formula (IV)), to synthesize a dication complex, 
[CUHC) n MXJ 2 M[YW 2 ]-). 

In addition, examples of synthesis of dication complexes are reported in (1) Inorg. Chem. 1987, 26, 383; (2) Anorg. 
Chem., Org. Chem. 1983, 38B(11), 1501; and (3) J. Organomet. Chem. 1978, 150, 59. 

The ratio of [Y 1 ]" to [Y 2 ]* in [Y]- of the polycation complex, [CUHC) n MX m ]i + -;[Y]-)j, can be controlled as desired. The 
dication complex may be formed in the polymerization system, or may be preoared prior to the polymerization. 

In this case, solvents preferably used include, for example, halogenated hydrocarbons such as dichloromethane, 
aromatic hydrocarbons such as toluene, benzene and xylene; aliphatic hydrocarbons such as hexane and pentane. 
As catalyst components, a trication complex, tetracation complex and so on may be used. 

In the present invention, a ratio of the amount of th«e reaction product of Compounds (a) and (b) used to the amount 
of Compound (b) used, is not particularly limited, but in general may range from 1:0.2 to 1:20, preferably 1:0.5 to 1:5 
(molar ratio). 

Examples of the polycation complexes as obtained above include the folbwing compounds: 

[(Pentamethylcyclopentadienyl)zirconium methyl]-[tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate] 
(Pentamethylcyclopentadienyl)zirconium methyl][tetrakis(pentafluorophenyl)borate][tetraphenylborate] 
[(Pentamethylcyclopentadienyl)zirconium methyl][tetrakis(pentafluorophenyl)borate]2, 

[(Pentamethylcyclopentadienyl)zirconium chloride][tetrakis(pentafluorophenyl)borate][trifluoromet:hanesulfonate] 
[(Pentamethylcyc!opentadienyl)zirconium chlroide][tetrakis(pentafluorphenyl)borate][tetraphenylborate], 
(Pentamethylcyclopentadienyl)zirconium chloride][tetrakis(pentafluorophenyl)borate] 2 , 
[(Cyclopentadienyl)zirconium methyl][tetrakis(penitafluorophenyl)borate][trifluoromethanesulfonate], 
[(Cyclopentadienyl)zirconium methyl][tetrakis(pentafluorophenyl)borate][t3traphenylborate], 
[(Cyclopentadienyl)zirconium methyl][tetrakis(pentafluorophenyl)borate] 2l 

[(Cyclopentadienylzirconium chloride][tetrakis(pentafluorophenyl)borate][;rifluoromethanesulfonate], 
[(Cyclopentadienyl)zirconium chloride][tetrakis(pentafluorophenyl)borate] tetraphenylborate], 
((Cyciopentadienyl)zirconium chloride][tetrakis(pentafluorophenyl)borate]>, 
[Bis(cyclopentadienyl)zirconium][tetrakis(pentafluorophenyl)borate][trifluaomethanesulfonate], 
[Bis(cyclopentadienyl)zirconium][tetrakis(pentafluorophenyl)borate][tetraphenyiborate], 
[Bis(cyclopentadienyl)zirconium][tetrakis(pentafluorophenyl)borate] 2 , 

[Ethylenebis(indenyl)zirconium][tetrakis(pentafluorophenyl)borate][trifluoromethanesutfonate], 
[Ethylenebis(indenyl)zirconium][tetrakis(pentafluorophenyl)borate][tetraphenylborate], 
[Ethylenebis(indenyl)zircnoium ][tetrakis(pentafluorophenyl)borate] 2 , 

[Ethylenebis(tetrahydroindenyl)zirconium][tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate], 

[Ethylenebis(tetrahydroindenyl)zirconium][tetrakis(pentafluorophenyl)borate][teraphenylborate], 

[Ethyienebisjtetrahydroindenyljzirconiumjpetrakisjpentafluorophenyljborate^, 

[Dimethylsilylenebis(cyclopentadienyl)zirconiumpetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate^ 

[lsopropylidene(cyclopentadienyl)(9-fluorenyl)zirconium][tetrakts(pentafluDrophenyl)borate][trifluorometh 

fonate], 

[Dimethylsilylenebis(2,3,5-trimethylcyclopentadieinyl)zirconium ][tetrakis(pentafluorophenyl)borate][trifluorometh- 
anesulfonate], 

[Zirconium dimethyl][tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate], 
[Zirconium dibenzyl][tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate], 
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[Zircomumdi^^ 

[Zirconium dibutoxide][tetrakis(pentafluorophenyl)borate][trifluorometh 

[Zirconium dichloride][tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate],' 

[Zirconium dibormide][tetrakis(pentafluorophenyl)borate][trifluoromethanesu!fonate], 

[Bis(2,5-di-t-butylphenoxy)zirconium][tetrakis(pentafluorophenyl)borate][trifluoromethane and 

[Zirconium di(acetylacetonate)][tetrakis(pentafluorophenyl)borate][trifluoromethanesulfonate]. 

2. Catalyst Component (B): 

The polymerization catalysts of the present invention may comprise, as catalysts components, thaoYganoaluminum 
compound (B) together with the above-mentioned Catalyst Component (A). The use of these catalysis in homopoly- 
merization or copolymerization may improve the polymerization activities. 

In the present invention, Organoaluminum Compounds (B) include those represented by the followina Formula 
.jVJ.XVIlorJVII): y 



R \ A| Q3-r • (V) 



wherein R* is an alkyl group having 1 to 20, preferably 1 to 12 carbon atoms; Q may be the same as or different from 
each other and is a hydrogen atom, halogen atom, alkoxy group having 1 to 20 carbon atoms or aryl group having 6 
to 20 carbon atoms; and r is an integer of 0 to 3. 

Examples of compounds represented by Formula (V) are trimethylaluminum, triethylaluminum, triisopropylalumi- 
num, triisobutylaluminum, dimethylaluminum chloride, diethylaluminum chloride, methylaluminum dichiloride, ethylalu- 
minum dichloride, dimethylaluminum fluoride, diisobutylaluminum hydride, diethylaluminum hydride and ethylaluminum 
sesquichloride. 

Chain aluminoxanes, Compound (B-2) may be represented by the followhg Formula: 

R7 

Al -O —«A1 - 0) s _2 Al^ ... (VI) 

wherein R 7 may be the same as or different from each other, and is a hydrocarbon group such as an alkyl group, 
alkenyl group, aryl group or arylalkyl group, having 1 to 20, preferably 1 to 12 carbon atoms, or a halogen atom; and 
s is a degree of polymerization, usually from 3 to 50, preferably 7 to 40. 

Cyclic alkylaluminoxanes having a repeating unit represented by the formula: 



-<A1 - 0) s - 

R? ... (VII) 

wherein R 7 is defined in Formula (VI); and s is a degree of polymerization, usually from 3 to 50, preferably 7 to 40. 

Of these compounds of Formulas (V) to (VII), preferable compounds are alkyl group-containing aluminum com- 
pounds having at least one alkyl group containing 3 or more carbon atoms, especially a branched alkyl group. Partic- 
ularly preferred is triisobutylaluminum or aluminoxane having a polymerization degree of at least 7. The use of tri- 
isobutylaluminum, aluminoxane having a polymerization degree of at least 7 or mixtures containing same may result 
in high activities. 

Methods of preparing the above aluminoxanes are not particularly limited to, but include any known methods such 
as a process comprising contacting one or more of alkylaluminum with a concensation agent such as water. Alkylalu- 
minum and a condensation agent can be reacted by known methods, for example, (1 ) a method comprising dissolving 
an organoaluminum compound in an organic solvent, and contacting the solution with water; (2) a method comprising 
adding an organoaluminum compound to starting materials for polymerization, and adding water to the reaction mixture 
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later; (3) a method comprising reacting an organoalurninum compound with crystalline water contained in a metal salt 
and the like or water adsorbed to an inorganic material or an organic material; and (4) a method comprising reacting 
tetraalkyldialuminoxane with trialkylaluminum, and then reacting the reaction product with water In addition, aluminox- 
anes may be those insoluble to toluene. 

In the case of using Component (B), the amount of Component (B) used may range 1 to 2,000, preferably 5 to 
1,000, more preferably 10 to 500 moles per one mode of Component (A). Tie use of Compound (B) may improve 
polymerization activity However, the use of excess amount of Compound (C) is not desirable since the oirganoaluminum 
compound will be used in vain and a great amount of the organoalurninum compound will remain in the resultant 
polymer. In addition, in the case of using aluminoxane, the use amount can a so be reduced. 

Further, Component (B) may be contacted with th-e polymerization catalyst of the present invention . Such contact 
may be conducted prior to the polymerization or in the polymerization system. _r 

3. Catalyst Component (C): 

The polymerization catalysts of the present invention may comprise, as a catalyst component, Lewis acid (C) 
together with the above-mentioned Catalyst Component (A). The Lewis acids are not particularly limited to, but include 
organic substances and solid inorganic substances. The preferable organic suostances include boron compounds and 
aluminum compounds. The preferable inorganic substtances include magnesium compounds. 

The aluminum compounds include, for example, bis(2,6-di-t-butyl-4-methyl)aluminum methyl and <1,V<Ji-2-naph- 
toxy)aluminum methyl. The magnesium compounds include, for example, magnesium chloride and magnesium di- 
ethoxide. The boron compounds include, for example, triphenylborane, tris(pentafluorophenyl)borane, tris[3,5-bis(tri- 
fluoromethyl)phenyl]borane, tris[(4-fluoromethyl)phenyl]borane, trimethylborane, triethylborane, tri(n-btutyl)borane, tris 
(fluoromethyl)borane, tris(pentafluoroethyl)borane, tris(nanofluorobutyl)borane, tris(2,4,6-trifluorophenyl)borane, tris 
(3,5-difluorophenyl)borane, bis(pentafluorophenyl)fluoroborane, diphenylfluoroborane, bis(pentafluorophenyl)chlo- 
roborane, dimethytfluoroborane, diethylfluoroborane, di(n-butyl)fluoroborane, (pentafluorophenyl)difluoroborane, phe- 
nyldifluoroborane, (pentafluorophenyl)difluoroborane, phenyldifluoroborana, (pentafluorophenyl)dichloroborane, 
methyldifluoroborane, ethyldifluoroborane and (n-butyl)difluoroborane. 

Of these compounds, tris(pentafluorophenyl)boraine is particularly preferred. 

4. Catalyst Component (D): 

In the polymerization catalyst of the present inventtion, any one of the above-mentioned Catalyst Components (A), 
(B) and (C) may be supported on a carrier. The carrier [Catalyst Componem (D)] are not particularly limited to, but 
include inorganic carriers, inorganic oxide carriers and organic carriers. Of these, inorganic carriers and inorganic oxide 
carriers are particularly preferable. 

More specifically, the inorganic carriers include magnesium compounds or their complex salts such as MgClg, 
MgCI(OEt) and Mg(OEt) 2 , and organic magnesium compounds such as those represented by MgR l3 x X 1 y . As used 
herein, R 13 is an alky I group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms or an aryl 
group having 6 of 20 carbon atoms; X 1 is a halogen atom or an alkyl group having 1 to 20 carbon atoms; x is a number 
of 0 to 2; and y is a number of 0 to 2. 

The inorganic oxide carriers include Si0 2 , Al 2 0 3 , MgO, Zr0 2 , Ti0 2 , Fe £ 0 3 , B 2 0 3 , CaO, ZnO, BaO, Th0 2 and 
mixtures thereof such as silica alumina, zeolite, ferrule and glass fibers. Of these, SiOg and Al 2 0 3 are particularly 
preferable. In addition the above-mentioned inorganic oxide carriers may contain a small amount of carbonates, ni- 
trates, sulfides or the like. 

Further, the organic carriers include, for example, polymers such as polystyrene, styrene-divinylbenzene copoly- 
mers, polyethylene, linear low density polyethylene, polypropylene, poly-4-methyl-1 -pentene, substituted polystyrene 
and polyarylate, starches and carbon. 

The size of the carrier [Compound (D)], is dependent upon its kind and its production process. The average particle 
size may usually range from 1 to 300 u/n, preferably f rom 10 to 200 u/n, more preferably from 20 to 100 u/n. 

If the average particle size is small, small particles in the resultant polymers will increase. If the average particle 
size is large, large particles in the resultant polymers will increase. This results in decrease in bulk dens ity and clogging 
of a hopper. 

Further, the specific surface area of Carrier [Compound (D)] may be usualy from 1 to 1 ,000 m^g, preferably from 
50 to 500 m 2 /g. The pore volume may be usually from 0.1 to 5 cm 3 /g, preferably from 0.3 to 3 cm 3 /g. If the specific 
surface area or the pore volume is outside of the above ranges, the catalyst activity may be decreased. In addition, 
the specific surface area and the pore volume can be, for example, measured from volume of nitrogen gas adsorbed 
in accordance with the BET method (Refer to 'J. Am. Chem. See., Vol. 60, Page 309 (1983)'). 

Furthermore, the above-mentioned Carrier [Compound (D)] is preferably used after being calcined at 150 to 
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1 ,000 o C, preferably at 200 to 800°C. 

* aSrfitt^ 
product of Compounds (a) and (b), and Compound (b) wherein at least one of Compound (a) (or the reaction compound) 
and Compound (b), preferably both of Compound (a) (or the reaction compound) and Compound (b) are supported on 
the above-mentioned Carrier [Compound (D)]. 

Methods of having Compound (a) (or the reaction product), and/or Compound (b) supported on the above-men- 
tioned Carrier (D) are not particularly limited to, but include the following methods (1) to (6). 

(1) A method of mixing Compound (a) (or the reaction product) and/or Compound (b) with Carrier (D); 

(2) A method of treating Carrier (D) with an organoaluminum compound or a halogen^ontaining siliicon compound, 
and then mixing Compound (a) (or the reaction product) and/or Compound (b) with the treatecLCarrier (D) in an 
inert solvent; 

(3) A method of reacting Carrier (D), Compound (a) (or the reaction product) and/or Compound (b), and an orga- 
noaluminum compound or a halogen-containing silicon compound; 

< 4 ) 6 method of_haying Compound (a) (or the reaction product) or Compound (b) supported on Carrier.(D), and 

then mixing Compound (a) (or the reaction product) or Compound (b) with the treated Carrier^):; 

(5) A method of mixing a contact product of Compound (a) (or the reaction product) and Compound (b) with Carrier 
(D); and 

(6) ^ A method of reacting Compound (a) (or the reaction compound) with Compound (b) in the presence of Carrier 

In addition, in the reaction of the above Method (4), (5) or (6), the above-mentioned Organoaluminum Compound 
(B) can be added to the reaction system. 

The catalysts obtained as above can be used as is for polymerization witnout any treatment or can be used as a 
solid after removing the solvent. 

Further, in the present invention, the catalyst cam be prepared by having Compound (a), the reaction product of 
Compound (a) and (b) and/or Compound (b) supported on Carrier (D) in the polymerization system. Further, pre- 
polymerization may be carried out at -20°C to 1 00°C for 1 minute to 2 hours while an olefin such as ethylene is introduced 
to keep a pressure of from normal pressure to 20 Kg/cm 2 , to prepare catalysts particles. 

In the present invention, a mixing ratio (weight ratio) of Compound (b) to Carrier (D) may preferably be from 1 :5 
to 1:10,000, more preferably from 1:10 to 1:500. 

In the present invention, a mixing ratio (weight ratio) of Compound (a) to Carrier (D) may preferably be from 1:5 
to 1:10,000, more preferably from 1:10 to 1:500. 

If the mixing ratio of Compound (b) to Carrier (D) or the mixing ratio of Compound (a) to Carrier (D) is outside of 
the above ranges, the activity may be decreased. 

The olefin polymerization catalysts of the present invention, prepared as above, may have an average particle 
size of usually from 2 to 200 um preferably from 10 to 150 urn, more preferably from 20 to 100 [am; and a specific 
surface area of usually from 20 to 1 ,000 m 2 /g, prefera bly from 50 to 500 m 2 /g. If the average particle size is less than 
2 u.m, small particles in the resultant polymers may increase. If the average particle size is more than 200 urn, large 
particles in the resultant polymers may increase. If the specific surface area is less than 20 rr^/g, the activity may be 
decreased. If the specific surface are is more than 1000 m 2 /g, the bulk density of the resultant polymers may be 
decreased. 

Further, in the catalysts of the present invention, the amount of the transition metal contained in 100 g of the carrier 
may usually be from 0.05 to 10 g, preferably from 0.1 to 2 g. If the amount of the transition metal is outside of the above 
ranges, the activity may be decreased. 

As mentioned above, the use of Carrier (D) may result in the resultant polymers having high bulk density and 
excellent particle size distribution, which are industrially useful. 

5. Production Process of Polymers: 

According to the process for producing the polymers of the present invention, homopolymerizattion of an olefin 
alone, or copolymerization of an olefin and ethylene, the other olefin or the ether unsaturated compounds is carried 
out in the presence of the above-mentioned polymerization catalyst. 

In this case, the kind of olefins are not particularly limited. But, alpha-olefins having 2 to 20 carbon atoms are 
preferable. More specifically, suitable alpha-olefins include, for example, ethylene, propylene, 1-butene, 3-methyl- 
1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1 -tetrad ecene, 1 -hexadecene, 
1-octadecene, 1-eicosene, styrene, p-rnethylstyrene, p<hlorostyrene, p-t-butylstyrene, p-phenylstyrene, p-methylsi- 
lylstyrene and p-trimethylsilylstyrene. 
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In the present invention, when two or more of aflpha-olefins are copolymerized, any combination of the above 
monomers can be used. In the case of copolymer izirog ethylene and an alpha-olefin having 3 to 10 carbon atoms, a 
molar ratio of ethylene to the other alpha-olefins may be usually 99.9:0. 1 to 60.0:40.0, preferably 99.5:0.5 to 75.0:25.0. 

In the present invention, in addition to the above alpha -olefins, it is possble to polymerize, or copolymerize with 
the other unsaturated compounds such as chain diolefims such as butadiene, isoprene and 1 ,5-hexadiene, cyclic olefins 
such as norbornene and 1, 4, 5,8-dimethano-1 ,2,3,4,43,5, 8, Ba-octahydronaphlhalene, cyclic diolefins such as norbor- 
nadiene and ethyl idene norbornene, unsaturated esters such as ethylacrytate and methylmethacrylate, and lactones 
such as beta-propio lactone, beta-butylolactone and gamma-butylolactone. 

In general, the amount of the other unsaturated compounds may be not greater than 20 mole percent based on 
the amount of the olefin. In this case, one or more olefins may preferably be used. 

Polymerization methods are not particularly limited to, but include slurry polymerization, gas phase polymerization, 
bulk polymerization, solution polymerization and suspension polymerization. Slurry polymerization and gas phase po- 
lymerization are particularly preferred. 

As for polymerization conditions, the polymerization temperature may rarge from -100 to 250°C ( preferably from 
-50 to 200°C, more preferably from 0 to 130°C. Further, the catalyst is preferably used in an amount to provide a 
starting monomer/Component (A) molar ratio or a starting monomer/Component (B) molar ratio of from 1 to 10 8 , pref- 
erably from 100 to 10 5 . The polymerization time may usually range from 5 minutes to 10 hours. The reaction pressure 
may range from normal pressure to 100 Kg/cm 2 G, preferably from normal pressure to 30 Kg/cm 2 G. 

The molecular weight of the resultant polymer can be controlled by appropriately selecting the amount of each 
catalyst component and polymerization temperature, or by a polymerization reaction in the presence of hydrogen. 

In the case of using polymerization solvents, suitable solvents include aromatic hydrocarbons such as benzene, 
toluene, xylene and ethylbenzene; alicyclic hydrocarbons such as cyclopentana, cyclohexane and methylcyclohexane; 
aliphatic hydrocarbons such as pentane, hexane, heptane and octane; and halogenated hydrocarbons such as chlo- 
roform and dichloromethane. These solvents can be used alone or in combination. Monomers such as alpha-olefins 
can also be used as solvent. In addition, the polymerization can be carried out in the absence of a sollvent. 

In the polymerization process of the present invention, pre-polymerization can be carried out in the presence of 
the catalyst according to the present invention. 

The pre-polymerization can be carried out by any known methods such as a method of bringing a small amount 
of olefins into contact with the solid catalyst components. 

The olefins which can be used in the pre-polymerization are not particularly limited to, but include those olefins 
mentioned above such as ethylene, C3.20 alpha-olefins or mixtures thereof. It is preferable to use, for the pre-polym- 
erization, the same olefin used in the subsequent polymerization. 

Further, the pre-polymerization temperature may usually range from -20 to 100°C, preferably from -10 to 70°C, 
more preferably from 0 to 50°C. 

In the pre-polymerization, inert hydrocarbons, aliphatic hydrocarbons, aromatic hydrocarbons, rroonomers or the 
like, can be used as a solvent. Of these, aliphatic hydrocarbons are particularly preferable. In addition, the pre-polym- 
erization can be carried out in the absence of a solvent. 

In the pre-polymerization, it is preferable to adjust conditions so that the intrinsic viscosity of tlhe pre-polymer 
(measured at 1 35°C in decalin) ranges at least 0.2 dl/g, preferably at least 0.5 dl/g, and that the yield of the pre-polymer 
ranges from 1 to 10,000 g, preferably from 10 to 1,000 g per 1 millimoles of the transition metal component in the 
catalyst used. 

As mentioned above, the polymerization catalysts according to the present invention show high activities, and the 
resultant olefin homopolymer or copolymer of olefins produced using the catalysts, will have high molecular weight, 
and narrow comonomber distribution. Also, the molecular weight and the molecular weight distribution can be control- 
led. Further, the polymers or copolymers having excellent properties can be ef ectively produced without using a great 
amount of an organometallic compound. 

EXAMPLES 

The present invention will be described in more detail with reference to the following Examples and Comparative 
Examples, which are not used to limit the present invention. 

In addition, in the Examples and the Comparative Examples, the measurements for the physical properties were 
conducted as follows. The results are as shown in Table 2 or 4.. 

Intrinsic viscosity [r|]: Measured at 135°C in decalin. 

The measurement conditions for GPC were as follows. 

Equipment: ALC/GPS 1 50C Manufactured by Waters 
Column: TSK HM + GMH6X2 Manufactured by Toso 
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Solvent: 1,2,4-trichlorobenzene 
Polyethylene conversion. 
5 DSC (Differential Scanning Calorimeter) 

First Heating: From room temperature to 1 90°C, 

10°C/min., kept for 3 min. 
First Cooling: From 1 90°C to room temperature, 

10 10°C/min., kept for 3 min. 

Second Heating: From room temperature to 1 90°C, r 

10°C/min. 
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1 . Preparation of Polymerization Catalyst: 



20 



25 



(2) Preparation of [Cp2rCI][OTf] 2 

In 10 ml of dry toluene, 0.0525 g of cycloperitadienylzirconium trichloride (CpZrCI 3 ) were added to prepare 
Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.103 g of silver trifluoromethanesulfonate (AgOTf) were added 
to prepare Solution B (0.04 M/L), respectively. At room temperature, Solution B was gradually added dropwise to 
[OTf]' 0 " A SilVer ° hIOride obtained (so,id) was filtered off to obtain a 0.01 M/L solution containing [CpZrCI] 

30 (3) Preparation of [Et(lnd)2Zr][OTf] 2 : 

In 1 0 ml of dry toluene, 0.0836 g of ethylenebis(indenyl)zirconium trichbride (lnd) 2 ZrCI 2 were added to prepare 
Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.103 g of silver trifluoromethanesulfonate (AgOTf) were added 
to prepare Solution B (0.04 M/L), respectively. At room temperature, Solution B was gradually added dropwise to 
Solution A. The silver chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing [EtflndJgZr] 
[OTf] 2 . 
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(4) Preparation of [IPr(Cp-Flu)Zr][OTf] 2 : 

In 10 ml of dry toluene, 0.0865 g of isoprop/lidene(cyclopentadienyl-fluorenyl)zirconium diclhloride (IPr(Cp- 
Flu)ZrCI 2 ) were added to prepare Solution A (0.02: M/L), and in 10 ml of dry toluene, 0.103 g of silver trifluorometh- 
anesulfonate (AgOTf) were added to prepare Solution B (0.04 M/L), respectively. At room tempeirature, Solution 
B was gradually added dropwise to Solution A. The silver chloride obtained (solid) was filtered off tto obtain a 0 01 
M/L solution containing [IPr(Cp-Flu)Zr][OTf] 2 . 

(5) Preparation of [{C 5 (Me) 4 }SiMe 2 N(tBu)Ti][OTf] 2 : 

In 10 ml of dry toluene, 0.0737 g of (t-butylamido)dimethyl(tetramethyl- ^ -dicyclopentadien/l)silanetitanium 
dichloride {C 5 (Me) 4 }SiMe 2 N(tBu)TiCI 2 were added to prepare Solution A (0.02 M/L), and in 10 ml of dry toluene, 
0.103 g of silver trifluoromethanesulfonate (AgOTf) were added to prepara Solution B (0.04 M/L), respectively. At 
room temperature, Solution B was gradually addled dropwise to Solution A. The silver chloride obtained (solid) 
was filtered off to obtain a 0.01 M/L solution containing (t-butylamido)dimethyl(tetramethyl- t\ s -dicyclopentadienyl) 
silanetitanium ditriflate ([{C 5 (Me) 4 }SiMe 2 N(tBu)Ti|[OTf] 2 ). 

(6) Preparation of [ZrCI 2 ][OTf] 2 : 

In 10 ml of dry toluene, 0.0466 g of zirconium tetrachloride (ZrCI 4 ) were added to prepare Solution A (0.02 M/ 
L), and in 10 ml of dry toluene, 0. 103 g of silver trifluoromethanesulfonate (AgOTf) were added to prepare Solution 
B (0.04 M/L), respectively. At room temperature, Solution B was gradually added dropwise to Solution A. The silver 
chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing dichlorozirconium ditriflate (fZrCUl 
[OTf] 2 ). 2J 



3S9K 



(1) Preparation of [Cp 2 Zr][OTf] 2 : 

*[OTf] = Trifluoromethanesulfonate 
In 1 0 ml of dry toluene, 0.0585 g of bis(cyclopentadienyl)zirconium dichloride (Cp 2 ZrCI 2 ) were added to prepare 
Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.10 g of silver trifluoromethanesulfonate (AgOTf) were added 
to prepare Solution B (0.04 M/L), respectively. At room temperature, Solution B was gradually added dropwise to 
Solution A. The silver chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing [Cp 2 Zr][OTf] 2 . 
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(7) Preparation of [Cp 2 Ti][OTf] 2 : 

In 10 ml of dry toluene, 0.0498 g of bis(cyclopentadienyl)titanium dichoride (CpgTiCy were added to prepare 
Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.103 g of silver trifluoromethanesulfonate (AgOTf) were added 
to prepare Solution B (0.04 M/L), respectively. At room temperature, Solution B was gradually added dropwise to 
s Solution A. The silver chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing bis(cyclopen- 

tadienyl)titanium ditriflate ((Cp 2 Ti][OTf] 2 ). 

(8) Preparation of [Cp 2 Hf][OTf] 2 : 

In 1 0 ml of dry toluene, 0.0585 g of bis(cyclopentadienyl)hafnium dichbride (CpgHfCy were added to prepare 
jo Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.103 g of silver trifluoromethanesulfonate (AgOTf) were added 

to prepare Solution B (0.04 M/L), respectively. At room temperature, Solution B was gradually adcied dropwise to 
Solution A. The silver chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing bis(cyclopen- 
tadienyl)hafnium ditriflate ([Cp 2 Hf][OTf] 2 ). 

is (9) Preparation of [Cp 2 Zr][BPh 4 ] 2 : 

In 10 ml of dry toluene, 0.0585 g of bis(cyclopentadienyl)zirconium dichloride (Cp 2 2rCI 2 ) were added to prepare 
Solution A (0.02 M/L), and in 10 ml of dry toluene, 0.103 g of silver tetraphenylborate (AgBPh 4 ) were added to 
prepare Solution B (0.04 M/L), respectively At room temperature, Solutbn B was gradually added dropwise to 
Solution A. The silver chloride obtained (solid) was filtered off to obtain a 0.01 M/L solution containing dicyclopen- 

20 tadienylzirconium bis(tetraphenylborate) ([Cp 2 Zr][BPh 4 ] 2 ). 

2. Olefin Polymerization: 

(1) Examples 1 

25 

To a 1.4-liter autoclave, under a nitrogen stream, at room temperature, 400 ml of dry toluene as solvent and 1 
mmol of triisobutyl aluminum (TIBA) (0.05 M/L toluene solution) were added and the mixture was well stirred. The 
mixture was heated to60°C. Then, to this, 1 ujtioI of [Cp 2 Zr][OTf] 2 prepared in Step 1 (1 ) and 1 |imol of dirnethylanilinium 
(tetrapentafluorophenyl)borate ([PhNMe 2 H][B(C 6 F 5 ) 4 ]) were added and the mixture was well stirred. Then, the mixture 
30 was heated to 80°C while ethylene was introduced, and the polymerization was carried out for one hour while the 
ethylene pressure was kept at 8 kg/cm 2 . 

After the completion of the reaction, the reaction nmixture was subjected to methanol deashing, washing and drying, 
to obtain 59 g of polyethylene. The results of measurements of the melting point, intrinsic viscosity and molecular 
weight measured by GPC, of the resultant polyethylene, are as shown in Table 2. 

35 

(2) Example 2 

Toa 10-mlshrenk, under a nitrogen stream, at room temperature, 1 ml of [Cp2Zr][OTf] 2 (0.01 mot/ 1 -toluene solution) 
prepared in Step 1(1) and 1 ml of [PhNMe 2 H][B(C 6 F 5 ) 4 ] were added and the mixture was stirred for 6 hours. 
to The polymerization was carried out for one hour in the same manner as in Example 1 except that 0.2 ml (equivalent 

to 1 nmol-Z) out of 2 ml of the solution obtained were used instead of [Cp 2 Zr]|OTf] 2 and [PhNMe 2 H][B(C 6 F 5 ) 4 ]. 

After the completion of the reaction, the reaction nmixture was subjected to methanol deashing, washing and drying, 
to obtain 23 g of polyethylene. The results of measurements of the melting point, intrinsic viscosity and molecular 
weight measured by GPC, of the resultant polyethylene, are as shown in Table 2. 
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Table 2 



5 



Exampls 


Yield 


Melting Point 


fo] 


1 -Octene Content 


Molecular Weight 


a 


°C 


dl/q 


mol% 


Mw 


Mn 


Mw/Mn 


Ex. 1 




59 


138.8 


2.42 




142,000 


60,000 


2.4 


Ex. 2 




23 


138.4 


4.86 




264,000 


120,000 


2.2 


Comp. Ex. 


1 


0.001 








- 


- 


- 


Comp. Ex. 


2 


0.38 








- 


- 


- 


Comp. Ex. 


3 


0 








- 


- 


- 


Ex. 3 




63 


119.2 


2.38 


2.0 


124,000 


64,000"* 


2.0 


Ex. 4 




13 


114.0 


2.53 


3.0 


142,000 


74,000 


1.9 


Comp. Ex. 


4 


65 


117.0 


2.80 


1 .3 


143,000 


63,000 


2.3 


Ex. 5 




11 


138.0 


4.51 




259,000 


95,000 


2.7 


Ex. 6 




12 


138.7 


4.20 




294,000 


120,000 


2.5 


Ex. 7 




9 


122.8 


4.16 


0.7 


310,000 


129,000 


2.4 


Comp. Ex. 


5 


14 


113 


2.7 


1.8 


240,000 


92,000 


2.6 


Ex. 8 




249 


141 .7 


0.69 




30,000 


15,000 


2.0 


Comp. Ex. 


6 


51 


136 


0.47 




29,000 


11,000 


2.6 


Ex. 9 




176 


123.6 


0.99 


4.2 


48,000 


7,000 


6.8 


Ex. 10 




116 


109.5 


1.47 


4.9 


95,000 


37,000 


2.6 


Ex. 11 




4.4 


144.7 


1.00 




84,000 


47,000 


1.8 


Ex. 12 




150 


144.3 


1.34 




77,000 


37,000 


2.1 


Comp. Ex. 


7 


73 


141 


1.38 




79,000 


39,500 


2.0 


Ex. 13 




110 


126.9 


1.51 


3.9 


84,000 


16,500 


5.1 
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Table 4 



Exampls 


Yield 


Melting Point 


fo] 


1 -Octene Content 


Molecular Weight 


g 


°C 


dl/gi 


mol% 


MW 


Mn 


Mw/ivin 


Ex. 14 






1 OD. 1 


^ 7 A 




37,000 


14,800 


2.5 


Ex. 15 




48 




<z.bo 


1 1 .O 


17,000 


8,100 


2.1 


Comp. Ex. 


8 


40 




2.311 


11.8 


12,000 


4,800 


2.5 


Ex. 16 




7.3 


135.8 


3.89 




228,000 


114,000 


2.0 


Ex. 17 




1.0 


122.9 


6.411 


0.8 


350,000 


130,000 


_ 2.7 


Comp. Ex. 


9 


6.0 


134.7 


2.99 




116,000 


46,400 


2.5 


Ex. 18 




3.6 














Comp. Ex. 


10 


2.3 














Ex. 19 




10.7 














Comp. Ex. 


11 


9.2 















(3) Examples 3 to 19 and Comparative Examples 1 to 11 

The polymerization was carried out in the same manner as in Example 1 except that those conditions as indicated 
in Table 1 and 2 were used as polymerization conditions. 
The results are as shown in Table 2 and Table 4. 



(4) Example 20 

The polymerization was carried out in the same manner as in Example 1 except that 1 mmol of triphenylaluminum 
(Ph 3 AI) (1 mol/1 -toluene solution) was added instead of TIBA. 

After the completion of the reaction, the reaction mixture was subjected to methanol deashing, washing and drying, 
to obtain 14 g of polyethylene. The intrinsic viscosity of the resultant polyethylene is as shown in Table 5. 

(5) Examples 21 and 22 

The polymerization was carried out in the same manner as in Example 20 except that as polymerization conditions, 
the kind of the catalysts and olefins used, those as indicated in Table 5 were used. 
The results are as shown in Table 5. 



Table 5 



Run 


Catalyst Kind of 


umol 


loninc Complex 


Ph 3 AI mmol 


Ethylene Pressure 


Yield g 


h]dl/g 




Catalysts 




(imol 




kg/cm 2 G 






Ex. 20 


[Cp 2 Zr][OTf] 2 


1 


1 


1 


8 


14 


3.27 


Ex.21 


[Cp 2 Ti][OTf] 2 


1 


1 


1 


8 


3.3 


5.22 


Ex. 22 


[Cp 2 *SiNTi][OTf] 2 


1 


1 


1 


8 


10 


4.63 



Toluene: 400 ml, Temp.: 80°C, polymerization time: 1 hour 

[Cp*SiNTi]: {C 5 (Me 4 )}SiMeN(tBu)Ti 2+ (t-butylarnido)-dimethyl(tetramethyl-ri 5-cyclopentadienyl)silanetitanium 
dication 



(6) Example 23 

The polymerization was carried out in the same manner as in Example 1 except that before introducing ethylene, 
1 ujtioI of tris(pentafluorophenyl)borate (B(C 6 F 5 ) 3 ) (0.01 mol/l toluene solution) were added and the mixture was well 
stirred. 

After the completion of the reaction, the reaction mixture was subjected to methanol deashing, washing and drying, 
to obtain 51 g of polyethylene. The intrinsic viscosity of the resultant polyethylene was 3.21 . 
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(7) Example 24 

A 200 ml flask purged with nitrogen was charged with 2.3 g of silica calcined at 300°C for 4 hours (average particle 
size: 70 u.m, specific surface volume: 260 m 2 /g, pore volume: 260 cc/g), 100 ml of a toluene solutiion (0.01 mol/l) 
containing [Cp 2 Ti][OTf] 2 prepared in Step 1 (1 ), 5 mmol of triisobutylaluminum (TIBA) and 2 mmol of diemthylanilinium 
tetrakis(pentafluorophenyl)borate. The reaction was carried out with agitation at room temperature for one hour. Then, 
toluene was removed under reduced pressure to obtain a solid catalyst. 

Thereafter, to 1 .4-liter autoclave, together with 400 ml of toluene and 1 rrmol of TIBA, the solid catalyst obtained 
as above (3 u^mol in terms of titanium) was added. Further, at 80°C, while ethylene was continuously supplied to the 
autoclave at an ethylene pressure of 8 kg/cm 2 , the polymerization was carried out for one hour, to obtain 30.1 g of a 
polymer. - 

The intrinsic viscosity of the polymer obtained was 3.78. 

(8) Example 25 



The polymerization was carried out in the same manner as in Example 1 except that [Cp2Zr][BPh 4 ] 2 prepared in 
Step 1 (9) was used instead of [Cp 2 Zr][OTf] 2 . 

After the completion of the reaction, the reaction miixture was subjected to methanol deashing, washing and drying, 
to obtain 57 g of polyethylene. The polyethylene obtained had an intrinsic visccsity of 2.36, a weight average molecular 
weight of 141 ,000 and a molecular weight distribution of 2.1. 



Claims 

1. A polymerization catalyst comprising 

- a polycation complex (A) represented by the lollowing Formula (I): 

[(CUHC) n MX m ] j+ .([YD j (I) 

wherein M is a metal of Groups 3 to 10 or of the Lanthanide Series of the Periodic Table; CUHC is a cyclic 
unsaturated hydrocarbon group; CUHC may be the same as or different from each other; two or more of CUHC 
may form a bridge structure; X is a o-bond lOgand, chelate ligand or Lewis base; X may be the same as or 
different from each other; CUHC and X may form a bridge; j is an integer of from 2 to 4; n is am integer of from 
0 to 2, m is an integer of from 0 to 6; n + m is a number [(the valency of M) - j]; and at least one of [Yf is a 
noncoordinating anion wherein a plurality of groups are attached to an element selected frorm Groups 13 to 
15 of the Periodic Table, and the Lewis base may be coordinated; and 

an organoaluminum compound (B). 

2. A polymerization catalyst according to Claim 1 , wherein the Polycation Complex (A) is composed of the reaction 
product of the following Compound (a) and Compound (b), and the Compound (b): 

a) a transition metal compound; and 

b) a ionic compound capable of forming a ionic complex when reactec with the transition metall compound (a). 

3. A polymerization catalyst according to Claim 1 or 2, wherein at least one of the noncoordinating anions [Yf which 
form the polycation complex, is trifluoromethanesulfonic acid anion [CF 3 S0 3 ]-. 

4. A polymerization catalyst according to any one of Claims 1 to 3, wherein at least one of the noncoordinating anions 
[Y]- which form the polycation complex, is an anion wherein a plurality of groups are attached to boron. 

5. A polymerization catalyst according to Claim 1 , wherein at least one of the polycation complex (A) and the orga- 
noaluminum compound (B) is supported on a carrier 

6. A polymerization catalyst according to Claim 1 , which comprises, as catalyst components, the polycation complex 
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(A), the organoaluminum commpound (B) and the Lewis acid (C). 

7. A polymerization catalyst according to Claim 6, wherein at least one of the polycation complex (A), the organoa- 
luminum compound (B) and the Lewis acid (C) is supported on a carrier. 

s 

8. A process for producing a polymer, which comprises subjecting a monomer to homopolymerization or copolymer- 
ization in the presence of the polymerization cataByst according to any one of Claims 1 to 7. 

9. A process for producing a polymer, which comprises subjecting an olefin to homopolymerization or subjecting an 
10 olefin together with other olefins or other monomers to copolymerisation in the presence of the polymerization 

catalyst according to any one of Claims 1 to 7. _r 



is 



20 



Patentanspruche 

1. Polymerisationskatalysator, umfassend: 

einen polykationischen Komplex (A), dargestellt durch die folgende Formel (I): 



[(CUHC) n MXm] ,+ .([Y]-) j (I) 



worin M ein Metall aus der dritten bis zehntem Gruppe des Periodensystems oder aus der Lamthanoidenreihe 
ist; worin CUHC eine zyklische, ungesattigte Kohlenwasserstoffgruppa ist; wobei CUHC gleich oder verschie- 

25 den voneinander sein kann; wobei zwei oder mehr CUHC eine verbruckte Struktur ausbilden konnen; worin 

X ein a-gebundener Ligand, ein Chelat-Ligamd oder eine Lewis-Base ist; worin X gleich oder verschieden 
voneinander sein kann; worin CUHC und X eine Brucke bilden konnen; worin j eine ganze Zahl von 2 bis 4 
ist; worin n eine ganze Zahl von 0 bis 2 ist, worin m eine ganze zahl von 0 bis 6 ist; worin n + m eine Zahl 
[(Wertigkeit von M)-j] darstellt; und worin wenigstens eines der [Y] _ ein nichtkoordinierendes Anion ist, in dem 

30 eine Mehrzahl von Gruppen mit einem Element verbunden sind, das ausgewahlt ist aus den Gruppen dreizehn 

bis funfzehn des Periodensystems, und wobei die Lewis-Base koordhiert sein kann; und 

eine Organoaluminiumverbindung (B). 

35 2. Polymerisationskatalysator nach Anspruch 1 , wobei der polykattonische Komplex (A) aus dem Reaktionsprodukt 
der folgenden nachstehenden Verbindung (a) mit der Verbindung (b), und der Verbindung (b) besteht: 

a) eine Ubergangsmetallverbindung; und 

b) eine ionische Verbindung, die bei der Reaktion mit der Ubergangsmetallverbindung (a) einen ionischen 
40 Komplex bilden kann. 

3. Polymerisationskatalysator nach Anspruch 1 oder 2, wobei wenigstens eines der nicht koordinierenden Anionen 
[Y]', die den polykationischen Komplex bilden, das Anion der Trifluormethansulfonsaure [CF 3 S0 3 }~ ist. 

45 4. Polymerisationskatalysator nach einem der Anspruche 1 bis 3, wobei wenigstens eines der nicht koordinierenden 
Anionen [Yf, die den polykationischen Komplex bilden, ein Anion ist, bei dem eine Vielzahl von Gruppen an Bor 
gebunden sind. 

5. Polymerisationskatalysator nach Anspruch 1 , wobei wenigstens der polykationische Komplex (A) oder die Orga- 
50 noaluminiumverbindung (B) auf einem Tragermat-eria! aufgebracht ist. 

6. Polymerisationskatalysator nach Anspruch 1 , der f olgende Katalysatorkomponenten umfaGt: den polykationischen 
Komplex (A), die Organoaluminiumverbindung (B) und die Lewis-Saure (C). 

55 7. Polymerisationskatalysator nach Anspruch 6, wobei wenigstens der polykattonische Komplex (A), oder die Orga- 
noaluminiumverbindung (B) oder die Lewis-Saure (C) auf einem Tragermaterial aufgebracht ist. 
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^^^^^r H ^f eilun 9 eines Pojyme^welches die Homopplymerisation oder Copolymerisation eines Mono. 



9. Verfahren zur Herstellung eines Polymers, welches die Homopolymerisation eines Olefins oder die Copolymeri- 
5 sation eines Olefins zusammen mit anderen Olefiinen oder anderen Moncmeren in Gegenwart eines Polymerisa- 

tionskatalysators nach einem der Anspruche 1 bis 7 umfaBt. 

Revendications 

w 

1 . Catalyseur de polymerisation comprenant * 
■ un complexe polycationique (A) represents par la formule (I) ci-apres : 



is 



20 



25 



30 



35 



40 



45 



50 
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[(CUHC) n MX-J i+ •-fm-), -(I) 

dans laquelle 

M est un metal des groupes 3 a 10 ou de la serie des lantanides du tableau periodique ; 
CUHC est un groupe hydrocarbon e insature cyclique ; 

les groupes CUHC peuvent etre identiques les uns aux autres ou differents les uns des autres ; 

deux groupes CUHC ou plus peuvent former une structure pont^e ; 

X est un ligand en liaison a, un ligand chelate ou une base de Lewis ; 

les radicaux X peuvent etre identiques les uns aux autres ou differents les uns des autres ; 

CUHC et X peuvent former un pont ; 

j est un entier de 2 a 4 ; 

n est un entier de 0 a 2, 

m est un entier de 0 a 6 ; 

n + m est un nombre [(la valence de M)-j] ; 

et au moins I'un des radicaux [Y]~ est un anion non coordinant, ou une pluralite de groupes sont fixes a un 
element choisi parmi les groupes 1 3 a 1 5 du tableau periodique, et la base de Lewis peut etre coordonnee ; et 
un compose organique de I'aluminium (B). 

Catalyseur de polymerisation selon la revendication 1 , dans lequel le complexe polycationique (A) est compose 
du produit de la reaction du compose (a) et du compose (b) ci-apres, et cu compose (b) : 

a) un compose d'un metal de transition ; et 

b) un compose ionique capable de former un complexe ionique quandil est mis a reagtr avec le compose d'un 
metal de transition (a). 

Catalyseur de polymerisation selon la revendication 1 ou 2, dans lequel au moins I'un des anions non coordinants 
[Y]- qui forment le complexe polycationique est I'anion de I'acide trifluoromethanesulfonique [CF 3 S0 3 ]-. 

Catalyseur de polymerisation selon Tune quelcomque des revendications 1 a 3, dans lequel au moins I'un des 
anions non coordinants [Y]- qui forment le complexe polycationique est un anion dans lequel une plurality de 
groupes sont fixes au bore. 

Catalyseur de polymerisation selon la revendication 1, dans lequel au mcins I'un du complexe pollycationique (A) 
et du compose organique de I'aluminium (B) est supporte par un support. 

Catalyseur de polymerisation selon la revendication 1, qui comprend en tant que composants catalyseurs le com- 
plexe polycationique (A), le compose organique de Taluminium (B) et I'acide de Lewis (C). 

Catalyseur de polymerisation selon la revendication 6, dans lequel au mons Tun du complexe polycationique (A), 
du compost organique de I'aluminium (B) et de I'acide de Lewis (C) est supporte par un support. 
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Proceed de production d'un pofymere, qui comprend une 6tape consistant a soumettre un monomere a une ho- 
mopolymdrisation ou a une copofym£risation en presence du catatyseurde polymerisation selon Tune quelconque 
des revendications 1 a 7. 

Procede de production d'un polymere, qui comprend une 6tape consistant a soumettre une ol6fine a une homo- 
polymerisation, ou a soumettre une olefine, en meme temps que d'autresolefines ou d'autres monomeres, a une 
copolymer isation en presence du catalyseur de polymerisation selon Tune quelconque des revenidications 1 a 9. 
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